Adherens Junctions: Demonstration in Human Epidermis  by Kaiser, Hans W. et al.
Adherens Junctions: Demonstration in 
Human Epidermis 
Hans W. Kaiser, Winfried Ness, Isabel Jungblut, Robert A. Briggaman, Hans W. Kreysel, and Edward J. O'Keefe 
Department of Dermatology (HWK, WN, IJ, HWK), University of Bonn, Bonn, Germany; and Department of Dermatology (RAE, 
EJO'K), University of North Carolina, Chapel Hill, North Carolina, U.S.A. 
Adherens junctions are intercellular and cell-matrix junc-
tions that, like desmosomes and hemidesmosomes, mediate 
adhesion of cells to each other or to matrix structures. These 
junctions have been detected recently in cultured human ker-
atinocytes, indicating that they may be of importance in epi-
dermis. To investigate the localization of adherens junctions 
in normal epidermis, we examined human epidermis, human 
oral mucosa, and monkey esophagus for the presence of vin-
cui in, a major protein of the intracellular plaques of adherens 
junctions that is thought to be present in all adherens junc-
tions. Western blot analysis demonstrated vinculin in ex-
tracts of epidermis. Immunohistochemistry of vinculin in 
these tissues displayed two distinct locations for adherens 
O f the four types of intercellular junctions, gap junc-tions, tight junctions, desmosomes, and adherens junctions, two, namely the desmosome and the ad-herens junction, are thought to serve the purpose of cell-cell adhesion and are referred to as adhering 
junctions. Desmosomes, which are associated with keratin fila-
ments, are thought to be the major adhering junctions responsible 
for the attachment of cells [1,2] . In addition to desmosomes, ad her-
ens junctions, which are associated with actin filaments, can be 
identified in tissues such as intestinal epithelium, muscle cells, and 
cornea [3 - 7] . Adherens junctions are a heterogeneous group of cell 
contacts but all contain three molecular domains, i.e., microfila-
ments, an intracellular plaque, and a membrane domain (see [8] for 
review). 
Three different types of adherens junctions have been demon-
strated in tissues and cultured cells situated at sites of cell-matrix and 
cell-cell contacts. The focal contact, which is found in vitro at sites of 
attachment of cells to the culture surface, was identified by electron 
microscopy as an electron-dense region [9] in close contact with the 
substrate compared to other regions, leaving a reduced space be-
tween the basal aspect of the cell membrane and the culture surface. 
Immunocytochemical and biochemical studies revealed fibronectin 
and a3pl-integrin on the extracellular aspect [10] and alpha-ac-
tinin, talin, and vinculin on the intracellular aspect of focal adhe-
sions (see [11,12] for reviews). 
At sites of cell-cell contact two morphologically distinct types of 
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junctions: i) at the dermal-epidermal junction, and ii) in the 
region of cell-cell contacts in all layers of the epidermis. The 
location of vinculin in the region of the epidermal-dermal 
junction is reminiscent of the distribution of vinculin-con-
taining focal contacts in cultured keratinocytes, and the in-
tercellular staining of vinculin in epidermis is consistent with 
the presence of vinculin in adherens junctions in cultured 
keratinocytes at sites of cell-cell contact. These results dem-
onstrate that adherens junctions are present in human epider-
mis, oral mucosa, and monkey esophagus. Vinculin-contain-
ing junctions in epidermis may be important in the 
pathogenesis of skin diseases involving alterations in inter-
cellular integrity.] Invest DermatoI100:180-185, 1993 
adherens junctions have been described [2,13,14]. The first type is 
the classical zonula adhaerens (belt desmosome), which is located in 
the apical region of the lateral membrane in epithelia. It is part of the 
"junctional complex" in the intestinal epithelium comprising a 
tight junction, a zonu la adhaerens (adherens junction), and desmo-
somes, all of which are present in an ordered structure. Zonulae 
adhaerentes of the junctional complex are characterized by a belt-like 
bundle of actin filaments [15] running circumferentially along the 
cytoplasmic surface of the junctional membrane. The second type, 
present at sites of cell-cell contact, appear by conventional electron 
microscopy as button-like structures similar to desmosomes. In con-
trast to desmosomes, adherens junctions are characterized by the 
presence of actin, alpha-actinin, and vinculin [3 ,16]. In all types of 
adherens junctions examined so far, but only in adherens junctions, 
vinculin, a 130-kDa protein, has been detected in the intracellular 
plaque of the junction [8]. Vinculin therefore serves to identify 
adherens junctions in immunocytochemical investigations. We [17] 
and others [1 8] have previously demonstrated adherensjunctions in 
cultured keratinocytes. We now report evidence for the presence of 
adherens junctions in epidermis. Vinculin was detected in the areas 
of both cell-matrix and cell-cell contact in epidermis of skin, oral 
mucosa, and monkey esophagus. In addition to desmosomes and 
hemidesmosomes, vinculin-containing adherens junctions may 
subserve mechanical coupling of keratinocytes to adjacent cells and 
also to the basement membrane. 
MATERIALS AND METHODS 
Keratinocyte Culture A modification of the method developed 
by Rheinwald and Green [19] was used to initiate cultures of normal 
human keratinocytes obtained from foreskins. Subcultures were 
grown in MCDB 153 medium with 0.1 mM Ca++ [20] and supple-
ments as described previously [21]. Cells were used in third or 
fourth passage. Intercellular contact and assembly of junctions were 
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Figure 1. Demonstration of vinculin in epithelium. Tissues were stained with antibody to vinculin as in Materials alld Methods. Arrowheads, region of 
basement membrane staining for vinculin. Arrows (D), staining of regions of cell-cell contact; staining is often punctate. Muscle, a control for vinculin 
staining, is also shown (E ). A, human epidermis; B, C, human gingival mucosa; D, monkey eosphageal epithelium; E, monkey esophagus smooth muscle; 
C, higher magnification of B. Bar in A, 20 11m (A,D,E,), 75 11m (B); or 45 11m (C), 
induced by changing the serum-free culture medium to fres h me-
dium identical except for the presence of 1.1 mM Ca++. 
Inununoblotting Studies Biopsies of normal human skin a?d 
gingival mucosa were washed in Tris-buffered saline (40 mM Tns-
HCl, pH 7.4, 150 mM N aCl) (TBS) . con~aining 0.1 mM <=:a++. 
Epithelium was separated from connective tissue by heat1l1g. Tissue 
was placed in hot TBS (95 °C) with 2 mM phenylmet.hylsulfonyl 
fluoride for 3 min , and epithelium was collected with forceps, 
minced, and homogenized in Fairbanks' sample buffer [22]. 
Keratinocytes cultured as described above were plated at 5000 
cells/cm2 and grown for 3 din 35-mm petri ?ishes. After initiation 
of intercellular contacts, cells were washed 111 TBS supplemented 
with 0.1 mM Ca++ and 0.1 % diisopropylfluorophosphate, lysed in 
hot sample buffer (95 °C), scraped off the petri dish with a rubber 
policeman, and sheared with a 26-gauge needle to break DNA .. 
Samples were subjected to sodium dodec~l sulfate P?lyacrylamlde 
gel electrophoresis using a 3.5 - 17% gradient gel with buffer sys-
tem according to Fairbanks et af [22] . Separated prote1l1s were trans-
ferred to nitrocellulose [23]. Non-specific binding was blocked with 
4% bovine serum albumin (30 min, 25 °C) in TBS with 0.1 mM 
Ca++. Monoclonal anti-vinculin antibodies (ICN, Meckenheim, 
Germany) were added in a final dilution of 1 : 1000 and incubated 
for 15 h at 4 ° C on a rotary shaker. Samples were washed with TBS 
containing 0.1 mM Ca++ and 0.1 % Tween-20, peroxidase-conju-
gated goat anti-mouse IgG was added in a 1 : 2500 di lut~on for 90 
min at 4°C, and the nitrocellulose sheet was washed agall1. Bound 
antibodies were visualized using enhanced chemiluminescence 
(Amersham, Braunschweig, Germany) for detection of labeled pro-
teins. 
Electron Microscopy Keratinocytes were plated at 5000 cells/ 
cm2 and grown on Cyclopore membranes (Falcon, Heidelberg, Ger-
many) for 3 d. The concentration of Ca++ was raised from 0.1 mM 
to 1.1 mM for 3 h, and cell s were then fixed with 4% glutaralde-
hyde for 30 min at 4 ° C, post-fixed in OS04, and embedded in Epon 
812. Ultrathin sections were counterstained in uranyl acetate and 
examined in a Zeiss EM 9 electron microscope. Human skin was 
fixed in half-strength Karnovsky's fixative, embedded in Epon, 
stained with uranyl acetate and lead acetate, processed, and exam-
ined in a ]EM 100B electron microscope. 
Inllllunofluorescence Skin and gingival mucosa biopsies were 
cut into 1-mm3 pieces, frozen in isopentane pre-cooled with li9uid 
nitrogen, and stored at -70 °C until use. Four-micrometer sections 
were cut on a cryostat. Monkey esophagus sections, usually used as 
substrate in routine diagnostic testing for bullous diseases, were 
purchased fro m Bios GmbH, Munich, Germany; the sections were 
taken from the middle third of the esophagus. Cultured keratino-
cytes were grown on coverslips for 3 d before the formation of 
intercel lular contacts was induced for 3 h by 1.1 mM Ca++. Cells 
were then fi xed in 2% formaldehyde for 30 min and permeabilized 
with 0.2% Triton X-l 00 in TBS containing 0.1 mM Ca++. Further 
incubation steps were the same as for tissue sections and cells. Non-
specific binding was reduced by blocking with 2% bovine serum 
albumin (ICN, Meckenheim, Germany) for 30 min at 25°C. The 
primary antibody, anti-vinculin immunoglobulin G (ICN, Meck-
enheim, Germany), was applied for 30 min at 25 ° C diluted in TBS 
containing 0.1 mM calcium and 2% bovine serum albumin (BSA); 
washed with the same buffer without BSA, and then incubated with 
rhodamine-conjugated goat anti-mouse secondary antibody (Dian-
ova, H amburg, Germany). Coverslips were washed again and 
mounted in 40% glycerol. Cells and sections were examined with a 
Zeiss Axiophot microscope equipped with epifluorescence and pho-
tographed with Kodak Tri-X pan film processed in Ultrafin SF 
(Tetenal, N orderstedt, Germany) at 400 ASA. 
RESULTS 
Presence ofVinculin in Human Epidermis by Immunofluo-
rescence To test for the presence of vinculin in human skin, 
cryostat sections were incubated with monoclonal antibodies 
against vinculin. This antibody labeled all epidermal layers except 
the stratum corneum (Fig l A ), but there were differences in the 
fluorescence intensity of different layers. In the basal layer strong 
fluorescence was present in the area of the plasma membrane at sites 
of cell-cell contact. In addition, intense, band-like staining was 
present at the dermal-epidermal junction and was of similar inten-
sity in all areas of the dermal-epidermal junction. In the spinous 
layer, the fluorescence was less intense; the strongest suprabasal 
staining was detected in the stratum granulosum. Fluorescence was 
confined to the region of the plasma membrane; intracellular stain-
ing was minimal or absent. 
In another stratified epithelium, the oral mucosa, antibodies to 
vinculin stained cell-cell junctions of keratinocytes. At the connec-
tive ti ssue-epithelial interface an intense linear fluorescence was 
present, similar to that of the dermal-epidermal junction in human 
skin described above (Fig lE,C). Differences in intensity of fluores-
cence between the layers of epithelium were less obvious in oral 
mucosa, which was stained in a more homogeneous fas hion. 
Monkey esophagus is often used for immunofluorescence for 
diagnosis of bullous diseases, in which the integrity of cell-cell or 
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Figure 2. Adherens junctions and desmosomes in cultured human kerati-
nocytes. Cells were cultured and fixed for electron microscopy (A) or 
processed for immunofluorescence microscopy with antibodies to vincu-
lin (B, C) as in Materials and Methods. A, vertical section; B, C, en face section; 
in B, the focal plane is at the base of the cell at the junction of cell and 
substratum, showing focal adhesions; in C, the focal plane is higher, at the 
level of the cell-cell junction, showing cell-cell adherens junctions. aj, 
adherens junctions; gj, gap junctions; d, desmosomes. Bar, O.4jlm (AJ, 
20 tLm (B,C) . 
cell-matrix contacts is disrupted by autoantibodies against junc-
tional proteins. In studies of monkey esophagus (Fig ID,E), antibod-
ies against vinculin revealed fluorescence in the area of the plasma 
membrane similar to that in skin and oral mucosa (Fig ID). In some 
areas, a regular punctate pattern was noted at intercellular regions, 
indicating that vinculin was present at defined intercellular sites 
rather than in a general distribution along the entire plasma mem-
brane, compatible with a distribution in discrete junctional struc-
tures. In addition, vinculin antibodies bound to the basal aspect of 
keratinocytes at the dermal-epidermal junction. As a control, we 
stained sections of monkey esophagus smooth muscle; anti-vinculin 
antibodies produced characteristic staining in this tissue (Fig IE ). 
Adherens Junctions in Cultured Keratinocytes To compare 
these results with those in vitro, we examined cultured keratino-
cytes. Electron microscopy revealed structures in keratinocytes 
characteristic of adherens junctions in the apical portion of adjacent 
cells (Fig 2A) . The intercellular space in this region contained elec-
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Figure 3. Demonstration of vinculin in epithelia or keratinocytes by 
western blotting. Keratinocytes were cultured in supplemented MCDB 
153 medium with 0.1 mM Ca++ for 3 d and then incubated in 1.1 mM 
Ca++ for 3 h before extraction as in Materials and Methods. Extracts of 
keratinocytes (A), epidermis (B), or gingival mucosa (C) were analyzed by 
sodium dodecylsulfate polyacrylamide gel electrophoresis, transferred to 
nitrocellulose, and probed with antibody to vinculin. Numbers at left 
indicate molecular weights of standards in kDa. 
tron-dense material. Symmetric subplasmalemmal aggregates of 
electron-dense material representing micro filaments were asso-
ciated with these structures. Below the level of adherens junctions 
additional junctional structures representing gap junctions and des-
mosomes were present. In cultured keratinocytes fixed and stained 
with anti-vinculin antibodies, by focusing on the base of the cells 
just above the plane of the glass coverslip we noted vinculin-con-
taining structures characteristic of focal adhesions in plaques at the 
area of cell-matrix contact (Fig 2B). This staining at the basal aspect 
of the cell membrane is in agreement with previous studies demon-
strating vinculin in focal adhesions of cultured cells [11,17,18,21]. 
Vinculin was also demonstrable at a higher focal plane at the lateral 
cell border of adjacent cells (Fig 2C) in a linear punctate pattern 
characteristic of intercellular junctions. 
Immunoblotting ofVinculin We performed immunoblotting 
to confirm the finding by immunofluorescence that vinculin was 
present in epidermis. To exclude the dermis as a source for vinculin, 
the epidermis was separated from dermis by heating. Monoclonal 
anti-vinculin antibodies reacted with a single polypeptide band of 
Mr 130,000 in homogenates of cultured keratinocytes (Fig 3A), and 
a band of the same Mr was detected with this antibody in homoge-
nates of epidermis (Fig 3B) and oral mucosa (Fig 3C). 
Presence of Adherens Junctions in Human Skin by Electron 
Microscopy We also examined human skin for the presence of 
structures with the appearance of adherens junctions. In human 
epidermis, typical desmosomes were numerous and were associated 
with structures characteristic of adherens junctions (Fig 4A). These 
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structures showed densities at cell-cell junctions that were not asso-
ciated with darkly stained tonofilaments but often displayed a fine 
fuzz or granularity in the region of the intracellular plaque (Fig 
4B, C). Although adherens junctions are not as distinctive in their 
morphology as are desmosomes, they could be readily distinguished 
from desmosomes, because they lacked the complex laminar struc-
ture and darkly stained tonofilaments of desmosomes (shown in the 
lower half of Fig 4B), but rather showed granularity (Fig 4B) and in 
some cases fine filaments (Fig 4C) characteristic of adherens junc-
tions. 
DISCUSSION 
This study provides strong evidence for the presence of adherens 
junctions in human epidermis as well as in other stratified epithelia, 
oral mucosa, and monkey esophagus. Two distinct locations were 
found for vinculin in these tissues and cultured keratinocytes. Vin-
culin was present in the area of cell-matrix contacts as well as in the 
area of cell-cell contacts. The first location is in agreement with the 
location of vinculin along the basal aspect of the cell membrane as 
described in cornea [7] and is consistent with the localization of 
vinculin in focal contacts in cultured keratinocytes ([17,18,21]; Fig 
2B); fibroblasts [11,24]; embryonic chicken gizzard, heart, skin 
[25]. and neurites [26]; and rat corneal epithelial cells [27]. 
The appearance of focal adhesions is often considered to be a 
feature of cultured cells, because they are very prominent in vitro but 
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Figure 4. Adherens junctions in human epidennis. Human skin was 
processed for electron microscopy as in Materials a"d Methods. A, field 
showing adherens junctions and desmosomes; Band C, enlargements 
showing characteristic appearance of adherens junctions. d, desmo-
somes; aj, adherens junctions; i, intermediate filaments. Bar in A , 0.211.m 
(A); 0.06 Jim (B,C) . 
are difficult to demonstrate i" vivo. Several types of cells, however, 
develop structures in vivo similar to focal adhesions found in cell 
culture. The del~se plaques of smooth muscle, for example, which 
are present at pomts of contact between the extracellular matrix and 
the contractile microfilan:ent system inside the muscle cell [28], 
have been found to contam protems present in focal adhesions in-
cluding vin.culin [4,5], talin. [29,30]' and integrins [11]. Talin is 
found only m adherens Juncttons at the cell-matrix interface, not in 
adherens junctions at sites of cell-cell contact [11], both in villo and in 
vitro. Recc:ntl~, iso~orms of integrin were detected in region of the 
basal lamma m epidermiS [31,32]. In basal epidermal cells a3pl 
integrin was strongly expressed in contact with the basal membrane 
zone [33], and co-localized with epiligrin, a glycoprotein of the 
basal membrane nc:xt to. hemi~esmosomes [34]. Experiments with 
cultured .cells lmphcate 1I1.teg~lI1s in cell-matrix adhesion in epider-
mis and m cell~cell adheSIOn 111 the basal layer of epidermis [35]. 
The secon? site oflocalization of vinculin is the region of cell-cell 
contact. Typical adherens junctions associated with rnicrofilaments 
were found in electron microscopic studies of cultured keratino-
cytes [17,18,20]. These junctions probably correspond to the 70-F 
macula adhaerens identified in developing heart by McNutt and 
Weinstein [14]. Similar structures, called type II plaques, have been 
demonstrated by other authors between Sertoli cells and germ cells 
in mammalian testis [36,37], intestinal epithelium [3], rat prostate 
epithelium [3], and cornea [3]. Although there is heterogeneity in 
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the electron microscopic appearance of adherens junctions at sites of 
cell-cell contact, immunofluorescence studies show that the type II 
plaque, like the zonula adhaeren5, contains vinculin, alpha-actinin, 
and actin. In the intercellular region of adherens junctions, trans-
membrane adhesion molecules of the cadherin family h ave been 
identified [38-41]. These calcium-dependent adhesion molecules 
mediate homotypic contact between cells [39,42]. One of the sub-
types, A-CAM (N-Cadherin) is present adjacent to the intracellular 
plaque in lens cells [40,41]. Another isoform, uvomorulin (E-Cad-
herin, Arc-1, Cell Cam 120/80, or L-CAM) is associated with ad-
herens junctions in intestinal epithelium [38]. 
These adhesion structures, which are distinct from desmosomes, 
may be important for understanding the pathogenesis of skin dis-
eases that alter intercellular structures. Antibodies against cadherins, 
which are present in both desmosomes and adherens junctions, can 
induce acantholysis in cultured cells [42,43] . Pemphigus autoanti-
bodies are believed to affect desmosomes but are directed at desmo-
somal glycoproteins that are members of the cadherin family [44 -
46]; cadherins are also present in the adherens junctions. Genetic 
disorders affecting cell-cell adhesion may affect molecules such as 
cadherins in one or both of these adhering junctions. 
Vinculin may also play an important role in wound healing in 
skin. Recent reports show a dramatic increase in vinculin after 
wounding of the cornea, indicating that synthesis of at least one 
adherens junction protein is markedly increased during wound heal-
ing [7]. Because vinculin is a marker for this type of junction, it is 
likely that other proteins required for assembly of adherens junc-
tions are also increased and that the number of these junctions in-
creases in response to a wound. This possibility has not been investi-
gated in epidermis. 
Because adherens junctions mediate both cell-cell and cell-matrix 
contact in various tissues, in contrast to desmosomes, which are 
confined primarily to epithelial cells, further studies are needed to 
examine the role of adherens junctions in the integrity of stratified 
epithelia. In addition, the relationship between staining for vinculin 
in the basal lamina in vivo and in the focal adhesion in vitro needs 
further examination in epidermis, because some adherens junction 
proteins, unlike vinculin, are present exclusively in either focal ad-
hesions or in cell-cell adherens junctions, but not in both. 
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